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Abstract
Multiple-unit activity, integrated-unit activity, and EEG were 
recorded in the amygdaloid baeolateral nucleus (posterior division) 
during differential conditioning o f avoidance (wheel-running) 
behavior in rabbits. The conditioned stimuli (CS+ and CS-) were pure 
tones of different auditory frequency, and the unconditioned stimulus 
(US) was a constant-current footshock delivered through the grid 
floor of the wheel. Both the multiple-unit and the integrated-unit 
activity manifested significant short-latency (60-90 ms) 
discriminative neuronal discharge* (i.e., greater discharges to the 
CS+ than to the CS-) during acquisition and overtraining of the 
conditioned avoidance behavior. Significant discriminative activity 
developed in the first session of conditioning, the session of the first 
significant behavioral discrimination, the criterial session, and the 
overtraining session, and was maximal in the criterial stage of 
training. The neuronal response to both conditioned stimuli was 
significantly attenuated in the overtraining session, however, the 
discriminative response persisted. The EEG activity revealed only 
marginally significant effects. The present findings accord with a 
role of the amygdaloid baaolateral nucleus in the mediation of 
discriminative avoidance conditioning at an early stage of behavioral 
learning. It is proposed that the baaolateral nucleus operates as an 
interface between limbic memory structures (e.g., the anterior 
cingulate cortex and the mediodorsal thalamic nucleus) and
1
a
autonomic contort (o.(., the amygdaloid oontral nuelout and tho 
hypothalamus), possibly participating in processes such as, 
autonomic modulation and context evaluation during conditioning
Introduction
Investigation of the neural mechanisms of learning and memory 
is a major component of neurobiological research. Research 
strategies ranging from the investigation of the cellular and 
molecular events associated with a form of "man-made" neuronal 
plasticity (i.e., long-term potentiation) to the study of the interaction 
of various neural systems in awake, behaving animals during 
learning have addressed this issue.
The present study is part of a research strategy guided by a 
"model systems" approach. That is, the program of research is 
devoted to understanding the neural mediation of a single form of 
learning (discriminative avoidance conditioning) in a single species 
(rabbit). Rabbits are trained to locomote in a running wheel 
apparatus in response to an auditory conditioned stimulus (C8+) in 
order to avoid a footshock unconditioned stimulus (US). The rabbits 
also learn not to respond to a different, auditory conditioned stimulus 
(CS-) which is never followed by the US. Induced brain lesions and 
chronic microelectrode recording are the principal means used to 
investigate the neural structures involved in task-relevant 
information processing. The utility of such a model systems 
research strategy is presently being realised in several areas of 
neurobiological research (Gabriel, Kubota, & Shenker, 1988; Kandel, 
1976; Thompson, 1986; Woody, 1982).
During discriminative avoidance *•*»!*)iitioaing, both cortical and
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•ubcortical limbic structures exhibit discriminative neuronal 
discharges (i.e., distinctive discharges evoked by the C8+ relative to 
those evoked by the C8-). Structures whose neuronal populations 
manifest such associative discharges are candidate neural 
substrates for the learning and the motoric expression of the 
conditioned avoidance be? ivior. Among these structures are both 
the anterior (Brodmann's Area 94a A 94b) and posterior (Brodmann's 
Areas 39b A 29c) cingulate cortex, the mediodorsal and anteroventral 
thalamic nuclei, and the hippocampal formation (Gabriel et al., 
1968).
Anatomically, these limbic structures are components of two 
distinct limbic circuits (see Figure 1). Reciprocal axonal projections 
between the anteroventral thalamic nucleus, posterior cingulate 
cortex, and hippocampal formation constitute the first limbic circuit 
(Berger, Milner, Swanson, Lynch, A Thompson, 1980; Domesick, 
1972; Rose A Woolsey, 1948b; Rosene A Van Hoesen, 1977; Vogt, 1986; 
Vogt, Rosene, A Peters, 1981). The second limbic circuit is comprised 
of reciprocal interconnections between the mediodorsal thalamic 
nucleus and the anterior cingulate cortex (Beckstead, 1979; 
Benjamin, Jackson, A Golden, 1978; Divac, Kosmal, Bjorklund, A 
Lindvall, 1978; Krettek A Price, 1977a; Leonard, 1989; Rose A Woolsey, 
1948a; Tanaka, 1976).
Studies involving electrophysiological recordings in combination 
with selective brain lesions have fostered a theoretical model of limbic 
circuit interactions (Gabriel et al., 1968; Gabriel, Sparenborg, A
6Stolar, 1986; Gabriel et al. 1987; see Figure 2). Briefly, the model 
proposes that the massive cue-elicited excitatory and discriminative 
neuronal discharges that develop in the anteroventral and 
mediodorsal thalamic nuclei during discriminative avoidance 
conditioning are either routed through a cingulate cortical gating 
mechanism via layer 5 cells to motor centers (e.g., the striatum) for 
the initiation of conditioned behavior (termed the "action process") or 
returned to the thalamus via layer 6 cells to limit the thalamic 
activity, thereby diminishing the probability of a behavioral response 
(termed the "limiting process"). Furthermore, through evaluation of 
contextual and other sensory cues the hippocampal formation, via 
subicular afferents, modulates the cingulate cortical gating 
mechanism, thereby affecting the probability o f action process 
(response) or limiting process (no response) activation. Although the 
hippocampal formation is not directly connected with the anterior 
cingulate cortical/mediodorsal thalamic systerr. in the rabbit (it is in 
primates), it may exert its influence, via a synaptic relay in the 
posterior cingulate cortex (Bassett & Berger, 1982; Vogt, 1986).
The electrophysiological profiles of these limbic circuit structures 
during learning and the effects of selective lesions of these structures 
on subsequent behavioral performance suggest that the two limbic 
circuits are functionally dissociable. First, cue-elicited neuronal 
activity recorded from limbic circuit components during 
discriminative avoidance conditioning differs in magnitude 
depending on the age o f the habit (Gabriel et al., 1988; Kubota,
6Shenker, Mignard, Pariah, Gabriel, 1988). For example, the CS- 
elicited discriminative neuronal discharges in the anterior cingulate 
cortex and the mediodorsal thalamic nucleus reach maximum 
relatively early, during behavioral acquisition (Gabriel & Orona, 
1982; Gabriel, Saltwick, & Miller, 1977; Orona & Gabriel, 1983a; 
Orona & Gabriel, 1983b), whereas posterior cingulate cortical and 
anteroventral thalamic discrimination peaks relatively late, after the 
avoidance response is well-learned (Foster, Orona, Lambert, & 
Gabriel, 1980; Gabriel, Foster, & Orona, 1980; Gabriel & Orona, 1982; 
Gabriel, Miller, & Saltwick, 1977). Second, rabbits with anterior 
cingulate cortical or mediodorsal thalamic lesions are impaired in 
acquiring the conditioned avoidance response (Gabriel et al., 1988; 
Gabriel, Sparenborg, Colletier, & Tenner, 1985; Gabriel, Sparenborg, 
& Straube, 1987), while those with posterior cingulate cortical or 
anteroventral thalamic lesions are able to acquire the avoidance 
response, but exhibit moderate deficits in the performance of the 
well-learned behavior (Gabriel et al., 1988; Gabriel, Lambert, Foster, 
Orona, Sparenborg, & Maiorca, 1983; Gabriel & Sparenborg, 1986; 
Gabriel & Sparenborg, 1987; Gabriel et al., 1985; Gabriel, Sparenborg, 
& Stolar, 1987). Therefore, it has been proposed (Gabriel et al., 1988; 
Gabriel & Orona, 1982) that the anterior cingulate 
cortical/mediodorsal thalamic system mediates discriminative 
avoidance conditioning relatively early in training, primarily during 
behavioral acquisition, whereas the posterior cingulate 
cortical/anteroventral thalamic system is involved in learning
7mechanisms relatively late in training, after the avoidance response 
is well-learned.
Although the limbic circuits exhibit functionally distinct 
properties, there remains considerable overlap between the 
functional domains of the two circuits. For example, rabbits with 
damage to either limbic circuit exhibit mild learning deficits. 
However, simultaneous disruption of both limbic circuits, via 
combined anterior and posterior cingulate cortical lesions or 
combined mediodorsal and anteroventral thalamic lesions, renders 
animals unable to learn the discriminative avoidance task (Gabriel et 
al., 1985; Lambert & Gabriel, 1982). Furthermore, several 
investigators have reported that combined lesions of the amygdaloid 
complex (one component of which, the basolateral nucleus, is 
associated with the anterior cingulate cortical/mediodorsal thalamic 
system; see Figure 1) and the hippocampal formation severely impair 
recognition memory in monkeys (Mahut, Moss, & Zola-Morgan, 1981; 
Mahut, Zola-Morgan, & Moss, 1982; Mishkin, 1978; Mishkin, 
Spiegler, Saunders, & Malamut, 1982; Moss, Mahut, & Zola-Morgan, 
1981; Zola-Morgan, Squire, & Mishkin, 1982). Therefore, it appears 
that the functional loss associated with damage to one limbic circuit 
is compensated for by the other, intact circuit, enabling learning to 
occur at near normal rates. However, disruption of both limbic 
circuits abolishes learning altogether.
One limbic circuit component which has not been discussed thus
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far is the amygdaloid basolateral nucleus. As noted above, the 
basolateral nucleus is the temporal lobe component of the anterior 
cingulate cortical/mediodorsal thalamic limbic circuit (see Figure 1). 
The anatomical association of the basolateral nucleus with the 
anterior cingulate cortex and the mediodorsal thalamic nucleus 
suggests that the basolateral nucleus is involved in learning 
mechanisms. Indeed, the basolateral nucleus may functionally 
interact with the anterior cingulate cortex and the mediodorsal 
thalamic nucleus in much the sam-> way that the hippocampal 
formation is postulated to interact with the posterior cingulate cortex 
and the anteroventral thalamic nucleus. Of course, it is possible that 
the basolateral nucleus mediates learning mechanisms unknown to 
the hippocampal formation.
To address these issues, it must be determined if the amygdaloid 
basolateral nucleus is involved in learning mechanisms. The 
anatomy of the axonal connections of the amygdaloid basolateral 
nucleus and studies which concern the basolateral nucleus, 
learning, and memory in the rat, cat, and monkey (the most 
commonly studied species) are consistent with this possibility. 
Anatomy of the Amygdaloid Complex
The amygdaloid complex is an elliptically-shaped collection of 
nuclei located at the anterior tip of the temporal horn of the lateral 
ventricle (Isaacson, 1982; see Figure 3). In general, the structure 
can be subdivided into four anatomically dissociable nuclei: the 
lateral, basolateral (anterior and posterior divisions), basomedial,
9and central amygdaloid nuclei (Brodal, 1947; Fox, 1940; Gurdjian, 
1928; Krettek and Price, 1978a; see Figure 4). In addition, there are 
five cortical structures that are included in the amygdaloid complex: 
the medial amygdaloid nucleus, the amygdalo-hippocampal area, 
the periamygdaloid cortex, the cortical amygdaloid nucleus (anterior 
and posterior divisions), and the nucleus of the lateral olfactory tract 
(Brodal, 1947; Fox, 1940; Gurdjian, 1928; Krettek and Price, 1978a; see 
Figure 4). The basolateral nucleus can be subdivided into two parts: 
a large-celled or magnocellular anterior division and a smaller- 
celled or parvocellular posterior division. These two divisions are 
extensively interconnected (Krettek ft Price, 1978a). The nucleus 
originates laterally as a magnocellular, ovoidal mass and shifts 
medially as it is replaced by the parvocellular posterior division.
The intra-amygdaloid projection field of the basolateral nucleus 
is limited, fibers innervating only the medial portion of the central 
nucleus. This projection to the central nucleus may provide an input 
from the basolateral nucleus to the midbrain (Krettek ft Price, 1978a, 
1978b). The basolateral nucleus receives no axonal projections from 
other amygdaloid nuclei.
Anatomical Connections o f the Amygdaloid Basolateral Nucleus in 
the Rat, Cat, and Monkey
Cortical connections. In the rat, cat, and monkey, the posterior 
division of the basolateral nucleus is reciprocally interconnected with 
both medial (infralimbic, prelimbic, and anterior cingulate cortical 
areas) and lateral (insular) prefrontal cortical areas (Krettek ft Price,
10
1974, 1977b, 1977c; Macchi, Bentivoglio, Rossini, ft Tempesta, 1978; 
Mufson, Mesulam, A Pandya, 1981; Ottersen, 1982; Porrino, Crane, A 
Goldman-Rakic, 1981; Russchen, 1982a; Sarter & Markowitsch, 1983; 
Sarter & Markowitsch, 1984; Sripanidkulchai, Sripanidkulchai, & 
Wyss, 1984). In the monkey, the prefrontal projections arise from the 
basal amygdaloid nuclei (i.e., the basolateral, basomedial, and 
accessory basal nuclei) and are reciprocal (Aggleton, Burton, & 
Passingham, 1980; Kawamura A Norita, 1980; Kievet ft Kuypers, 
1975; Kimzle, 1978; Porrino et al., 1981).
In addition to the prefrontal areas, the basolateral nucleus 
innervates the subiculum, parasubiculum, and perirhinal cortex 
(Krettek ft Price, 1977b, 1977c). Furthermore, the basolateral nucleus 
receives fibers from the prepiriform cortex, the ventral subiculum, 
the perirhinal cortex, and the entorhinal cortex (Krettek ft Price, 
1977c; Russchen, 1982a).
In the monkey, the basal amygdaloid nuclei receive extensive 
innervation from sensory cortex localized in the temporal lobe 
(Herzog ft Van Hoesen, 1976; Turner, 1981; Turner, Mishkin, and 
Knapp, 1980; Van Hoesen, 1981). Van Hoesen (1981) has noted that, 
of the amygdaloid nuclei, the basolateral nucleus seems to be a major 
site of sensory convergence, with the exception of the olfactory 
system. In fact, Sarter and Markowitsch (1986) have termed the 
basal nuclei a "super-integrative center" for sensory information, 
because polysensory information can reach the basal nuclei via direct 
connections with modality-specific temporal areas or via the insular
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cortical areas that are reciprocally interconnected with sensory 
cortical areas (Mesulam A Mufson, 1982a, 1982b). In rats and cats, 
sensory information reaches the amygdaloid complex primarily via 
the insular connections.
Thalamic connections. In the rat, the amygdaloid basolateral 
nucleus projects extensively to the medial, magnocellular segment of 
the mediodorsal thalamic nucleus (Groenewegen and Nauta, 1982; 
Krettek & Price, 1974, 1977b; Siegel, Fukushima, Meibach, Burke, 
Edinger, & Wiener, 1977); and the projection seems to be reciprocal 
(Krettek A Price, 1977a; Ottersen and Ben-Ari, 1978; Veenig, 1978). 
However, an amygdalo-mediodoreal thalamic projection has not been 
identified in the cat (Krettek A Price, 1978a; Russchen, 1982b), 
although electrophysiological studies suggest that such a projection 
may exist (Niemer, Goodfellow, Bertuccini, A Schneider, 1970; Sager 
A Brutkhuzi, 1962). In the monkey, the projection of the basal 
amygdaloid nuclei to the mediodorsal thalamic nucleus has been 
well documented (Aggleton A Mishkin, 1984; Fox, 1949; Nauta, 1961; 
Porrino et al., 1981), although a reciprocal connection is a matter of 
debate (Mehler, 1980; Norita A Kawamura, 1980).
Other thalamic nuclei have been reported to have connections 
with the basolateral nucleus including, in the rat and cat, the 
paraventricular and parataenial thalamic nuclei, and, in the 
monkey, the parafasicularis, subparafasicularis, and medial 
pulvinar nucleus and the nucleus reunions (Aggleton A Mishkin, 
1984; Aggleton et al., 1980; Jones and Burton, 1976; Mehler, 1980;
12
Ottersen k  Ben-Ari, 1979).
Other amygdaloid connections. In the rat, cat, and monkey, the 
amygdaloid basolateral nucleus has connections with the lateral 
hypothalamus (Amaral, Veazey, k  Cowan, 1982; Mehler, 1980; 
Krettek k  Price, 1978b; McBride k  Sutin, 1977; Ottersen, 1980; Price k  
Amaral, 1981; Russchen, 1982b; Saper, Swanson, k  Cowan, 1976; 
Veenig, 1978), striatum (Kelley, Domesick, and Nauta, 1982; Krettek 
and Price, 1978a, 1978b; Russchen, Bakst, Amaral, and Price, 1986), 
and basal forebrain (Krettek & Price, 1978a, 1978b; Mehler, 1980; 
Ottersen, 1980,1981; Russchen, 1982b).
The Amygdaloid Basolateral Nucleus, Learning, and Memory in the 
Bat, Cat, and Monkey
I shall next review studies involving the amygdaloid basolateral 
nucleus, learning and memory in the rat, cat, and monkey. 
Specifically, I shall review studies involving amygdaloid lesions and 
electrical stimulation. It should be noted that this review is not 
intended to be exhaustive, but merely a coverage of representative 
literature which implicates the basolateral nucleus in learning and 
memory mechanisms.
Studies involving amygdaloid lesions. In the majority of the 
studies discussed here, the experimental neuronal damage involved 
several, if  not all, of the amygdaloid nuclei. It is therefore impossible 
to attribute the experimental findings to the disruption o f the 
basolateral nucleus alone. However, the learning impairments that
13
one finds with amygdaloid lesions warrant an examination of these 
studies. In this section, studies that assess the effects of amygdaloid 
lesions on active and passive avoidance learning and on delayed- 
matching tasks will be considered.
In active avoidance learning, the presentation of a danger signal 
(the conditioned stimulus) necessitates the performance of an 
instrumental act that involves an active behavioral response (e.g., 
pressing a bar or jumping into a safety chamber) to avoid a noxious 
condition (the unconditioned stimulus). In a majority of studies, 
amygdalectomy results in impairments in active avoidance learning 
in rats (Bush, Lovely, ft Pagano, 1973; Campenot, 1969; Coover, 
Ursin, ft Levine, 1973; Eclancher it Karli, 1980; Kleiner, Meyer, & 
Meyer, 1967; McNew it Thompson, 1966; Molino, 1975; Schuts ft 
Isquierdo, 1979; Werka, Skar, ft Ursin, 1978; Yeudall ft Walley, 1977), 
cats (Brady, Schreiner, Geller, ft Kling, 1964; Horvath, 1963; Kling, 
1966; Kling, Orbach, Schwarts, ft Towne, 1960; Ursin, 1966; Werka ft 
Zielinski, 1978), and monkeys (Weiskrantz, 1966). However, others 
have found no effect on avoidance learning in rats (King, 1958) and 
monkeys (Thompson, 1981) or even a facilitation of learning in rats 
(Grossman, Grossman, ft Walsh, 1975) and monkeys (Hearst ft 
Pribram, 1964) with amygdalectomy. Inconsistencies among these 
studies may be due to the variable nature of the experimental lesions. 
In the sole study that involved selective basolateral nucleus lesions, 
impairments in active avoidance learning were reported in the rat 
(Werka, Skar, ft Ursin, 1978).
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Amygdaloid lesions performed in infant rats (Eclancher ft Karli, 
1980; Molino, 1975) and monkeys (Thompson, 1981) do not impair 
avoidance learning in adulthood.
In addition to deficits in the acquisition of an active avoidance 
response, amygdalectomized rats (Kleiner, Meyer, ft Meyer, 1967; 
Werka, Skar, ft Ursin, 1978; Yeudall ft Walley, 1977) and cats 
(Horvath, 1963; Ursin, 1966; Werka ft Zielinski, 1978) are impaired in 
the retention of the avoidance response. However, overtraining 
amygdalectomized cats eliminates the retention deficit (Brady et al., 
1964).
Unlike active avoidance tasks, passive avoidance tasks require a 
passive behavioral response (e.g., refraining from approaching a 
water spout or food compartment) when a danger signal (the 
conditioned stimulus) is presented, to avoid an unfavorable condition 
(the unconditioned stimulus). As with active avoidance learning, 
animals with amygdaloid damage perform poorly in passive 
avoidance tasks. Amygdaloid lesions impair the acquisition of a 
passive avoidance response in both rats (Bresnahan, Meyer, 
Baldwin, ft Meyer, 1976; Coover, Ursin, ft Levine, 1973; Grossman, 
Grossman, ft Walsh, 1973; Jellestad ft Bakke, 1985; Liang, 
McGaugh, Martinez, Jensen, Vasquez, ft Messing, 1982; Nagel ft 
Kemble, 1976; Russo, Kapp, Holmquist, ft Musty, 1976) and cats 
(Horvath, 1963; Ursin, 1966).
In addition to acquisition deficits, impairments in the retention 
of a passive avoidance response have been reported in rats (Liang et
15
al., 1982; Nagel & Kemble, 1976). However, Jellestad and Bakke (1985) 
failed to replicate these findings.
In contrast to avoidance tasks, delayed-matching tasks involve a 
positively reinforcing stimulus, for example, a food reward. With 
monkeys, these tasks involve the presentation of a baited stimulus 
and the delayed re-presentation of the original stimulus paired with 
a novel stimulus. In the delayed-matching-to-sample task, the 
original stimulus is baited in the test trial, while in the delayed-non- 
matching-to-sample task, the novel stimulus is baited in the test 
trial. Amygdalectomized monkeys are impaired in both delayed- 
matching-to-sample learning and delayed-non-matching-to-sample 
learning (Correll & Scoville, 1965; Mishkin, 1978).
Studies involving amygdaloid stimulation. In contrast to most 
studies of amygdaloid lesions, studies involving electrical 
stimulation of the amygdaloid complex have investigated the effects 
of amygdaloid disruption on the retention, rather than the 
acquisition, of various kinds of learning. Electrical stimulation of the 
amygdaloid nuclei at varying post-training intervals provides a 
unique opportunity to gain insight into the time course of memory 
consolidation processes. I shall next review studies of the effects of 
amygdaloid basolateral nucleus stimulation on the retention of both 
active and passive avoidance learning. It should be noted that it is 
not known to what extent electrical stimulation of the amygdaloid 
complex affects neural structures (e.g., the hippocampus) that are 
adjacent to the locus of stimulation.
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Both bilateral and unilateral stimulation of the amygdaloid 
basolateral nucleus administered at various times after training 
impair the retention of active avoidance responses in rats (Gold, 
Rose, Hankins, & Spanis, 1976; Handwerker, Gold, & McGaugh, 
1974; Sternberg & Gold, 1981). Furthermore, bilateral and unilateral 
post-training basolateral nucleus stimulation result in deficient 
retention of passive avoidance performance in rats (Baker, Keener, & 
Michal, 1981; Boast & McIntyre, 1977; Gold, Edwards, & McGaugh, 
1975; Gold, Hankins, Edwards, Chester, & McGaugh, 1975; Gold, 
Macri, & McGaugh, 1973; Kesner & Connor, 1974; Keener & Hardy, 
1983; McDonough & Kesner, 1971).
Conclusions
The connections of the amygdaloid basolateral nucleus with the 
prefrontal cortex, specifically, the anterior cingulate cortex, and the 
mediodorsal thalamic nucleus provide an anatomical substrate for 
the involvement of the basolateral nucleus in learning mechanisms. 
Moreover, connections of the basolateral nucleus with the lateral 
hypothalamus, subiculum and entorhinal cortex, and motor 
structures (e.g., the striatum) suggest a role of the basolateral 
nucleus in processes closely associated with learning such as, 
autonomic modulation, contextual evaluation and motor output. 
Indeed, studies involving amygdaloid lesions and electrical 
stimulation strongly suggest that the basolateral nucleus is involved 
in the neural mediation of learning. It is therefore probable that the 
amygdaloid basolateral nucleus is involved in the neural mediation
17
of discriminative avoidance conditioning in rabbits.
The present study evaluates this possibility. The purpose of this 
study was to determine, first, if the basolateral nucleus exhibits 
associative (discriminative) neuronal discharges during training, 
and, second, what the functional role of the basolateral nucleus is 
with respect to the other limbic circuit components with which it 
interacts.
Methods
Subjects, Surgery, and Electrodes
The subjects were 12 male, New Zealand white rabbits 
(Oryctolagus cuniculus) maintained on ad libitum water and rabbit 
chow and housed in individual home cages on a 12 hour light/dark 
cycle. The rabbits weighed between 1.5-2.0 kg at the time of delivery to 
the laboratory.
Prior to behavioral training, six multiple-unit recording 
electrodes were stereotaxically implanted in each rabbit. The 
multiple-unit electrodes were prepared from size 00 insect pins 
(uninsulated shaft diameter * 0.28-0.30 mm) and insulated with 
Epoxylite. The recording surface was formed by removing the 
insulation at the tip. The tip lengths of the electrodes ranged from 15 
to 50 microns and their electrical impedance from 500 to 2000 kOhms. 
The surgical anaesthesic was a mixture of Ketamine HC1 (60 
mg/ml), an anaesthetic, and Xylazine (8 mg/ml), a muscle relaxant, 
injected subcutaneously (1 ml/kg of body weight), followed by hourly 
injections of 1 ml of the solution. The stereotaxic targets were the 
anterior cingulate cortex (Brodmann's Area 24a; AP: -2.0, L: -0.8, 
DV: 2.0-4.0), the mediodorsal thalamic nucleus (AP: 4-4.6, L: -1.5, 
DV: 8.0-8.5), the basolateral amygdaloid nucleus, posterior division 
(AP: 4-1.5, L: 45.0, DV: 14.2-16.2), the central amygdaloid nucleus 
(AP: 40.5, L: -5.5, DV: 10.6-12.6), nucleus accumbens (AP: -5.0, L: 
41.4, DV: 7.0-9.0), and the bed nucleus of the stria terminalis (AP: •
18
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0.5, L: +/-1.5, DV: 9.3-11.3). Neuronal activity was monitored 
acoustically and visually with an oscilloscope during electrode 
descent to supplement the standard stereotaxic criteria for electrode 
localization.
Behavioral Training
Following a one week period of recovery from surgery, each 
rabbit received discriminative avoidance conditioning in a running 
wheel apparatus (Brogden & Culler, 1936) contained within a 
shielding chamber. An exhaust fan and a speaker in the chamber 
produced a masking noise of 70 dB re 20 N/m^. The conditioned 
stimuli were pure tones (1 or 8 kHz, 85 dB re 20 N/m*, 500 ms in 
duration, rise time of 3 ms), played through a speaker located directly 
above the wheel. Onset of the positive conditioned stimulus (CS+) 
was followed after 5 s by onset of the unconditioned stimulus (US, a 
constant current [1.5-2.5 mA] footshock delivered through the grid 
floor of the wheel). The negative conditioned stimulus (CS-) was 
never followed by footshock. Both the conditioned stimuli and the 
unconditioned stimulus were terminated by a behavioral response, 
defined as any rotation of the wheel exceeding two degrees. 
Responses prior to US onset prevented US delivery. The maximum 
duration of the US, given failure of response, was 1 s. The interval 
from the end of a trial (defined as the end of the 5 s period following 
CS onset, or of wheel rotation when locomotion occurred) to the onset 
of a new trial (CS onset) was 5,10,16, or 20 s. These values occurred 
in an irregular sequence. Intertrial responses reset this interval.
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Sixty trials with each conditioned stimulus were given in each 
daily session in a random order.
Prior to avoidance conditioning each rabbit received two 
pretraining (PT) sessions, in which the presentation of the tones to be 
used as OS's were presented with the same timing and ordering as 
in training. The first pretraining session involved the presentation of 
the tones alone, and the second involved tone presentations with the 
US interspersed in a noncontingent, explicitly unpaired manner. 
The pretraining sessions provided baseline values for behavioral and 
neuronal responses in the absence of a CS-US contingency. 
Following the pretraining sessions, the subjects were trained in daily 
acquisition sessions to an asymptotic behavioral criterion. The 
criterion required that t! e proportion of trials with behavioral 
responses to the CS+ exceed the proportion of trials with responses to 
the CS- by 0.60 or more in two consecutive sessions. After reaching 
behavioral criterion each rabbit received three additional acquisition 
sessions (overtraining).
Collection and Analysis of Neuronal Data
The neural records from each rabbit were fed into field-effect 
transistors (FET’s) that served as high impedance source-followers 
located at a short distance (about 2.5 cm) from the recording sites 
within the brain. The FET outputs fed via shielded cable were split, 
one limb entering single-ended preamplifiers with bandwith 
appropriate for unit recording (gain * 8000, 1/2 amplitude cutoffs at 
500 and 8000 Hz), the other limb entering preamplifiers for
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electroencephalogram (EEG) recording (gain * 4000, 1/2 amplitude 
cutoffs at 0.2 and 60 Hz). The unit activity was subjected to a second 
stage of active bandpass filtering (1/2 amplitude cutoffs at 600 and 
8000 Hz, rolloff = 18 dB/octave) to remove all slow EEG frequencies. 
The unit records were then fed to Schmitt triggers, which were 
automatically adjusted to yield a mean rate of output pulses within 
limits of 110-190 per Becond. With this criterion, typically, the largest 
three or four spikes on each r acord were sampled. In addition, the 
bandpass filter outputs were half-wave rectified and integrated. The 
time constants for the rise and the fall of the integrators were 15 and 
75 ms, respectively. The Schmitt trigger data (multiple-unit activity 
[MUA]) provided an index of the discharge frequency of the largest 
spikes on each record, whereas the integrated unit activity (IUA) 
measured the energy oscillations of the entire unit record, including 
activity below the triggering thresholds.
The Schmitt trigger pulses were counted and the integrator and 
macropotential signals digitized on each trial (CS presentation) for 
1.0 s: 300 ms before CS onset and 700 ms after CS onset. A digital 
value was stored for each measure and electrode, every 10 ms, 
during the sampling interval. Individual trial data were stored on 
digital magnetic tape and, subsequently, averaged and subjected to 
statistical analysis on a Harris computer.
Neuronal and behavioral data from five behaviorally defined 
stages of training shared by all subjects were submitted to statistical 
analysis. Each stage was constituted by the data of a single training
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session. The stages for which analyses were computed were: a) 
Pretraining with the CS's and noncontingent footshock (PTS); b) The 
first exposure to conditioning (FE; the first session of acquisition 
training); c) The first significant behavioral discrimination (FS; the 
first session in which the proportion of trials with behavioral 
responses to the CS+ exceed the proportion of trials with responses to 
the CS-by 0.25 or more); d) The criterial session (CR; the second 
consecutive session in which the proportion of trials with behavioral 
responses to the CS+ exceed the proportion of trials with responses to 
the CS- by 0.60 or more); e) The third session of overtraining (OT).
Peristimulus histograms for the behaviorally defined training 
stages were compiled for the thirty 10 ms pre-CS onset intervals and 
forty 10 ms post-CS intervals. Standard scores were computed for the 
post-CS onset intervals relative to the 300 ms pre-CS onset baseline. 
Subsequently, the neuronal data in the form of z-scores were 
submitted to a factorial repeated measures analysis of variance 
(mixed model) with orthogonal factors of subjects (eight levels), 
training stage (five levels: PTS, FE, FS, CR, and OT), conditioned 
stimulus (two levels: CS+ and C S-), and post-CS onset interval (forty 
consecutive 10 ms intervals after CS onset).
Histological Verification o f Recording Sites
Following behavioral training, the rabbits received an overdose of 
sodium pentobarbitol, and transcardiac perfusion with normal 
saline followed by 10% formalin. The brains were removed, frozen
as
and sectioned at 40 microns, and the sections were photographed 
while still wet (Fox & Eichman, 1959). Histological confirmation of 
electrode placements was carried out by examination of the 
photographs. After drying, the sections were treated with a 
metachromatic nissl and myelin stain using formol-thionin 
(Donovick, 1974). Eight electrode placements in the amygdaloid 
basolateral nucleus were observed.
Results
Behavior
Behavioral acquisition in this study was essentially identical to 
that reported in detail in past reports (Orona & Gabriel, 1983a). The 
mean number of sessions to the stage of criterion was 4.5.
Neuronal Activity
Multiple-unit activity. The multiple-unit activity averages are 
shown in Figure 5. Analysis of the MUA data revealed a significant 
main effect for the factor of stage [F(4, 28) = 7.4128, p<.0003], and 
significant interaction effects for the factors of stage and conditioned 
stimulus [F(4, 28) = 2.9296, p<.04], stage and post-CS interval 
[F(156, 1092) s  1.4559, p<.0005], and stage, conditioned stimulus, 
and post-CS interval [F( 156, 1092) ■ 1.985, p<.06]. Least significant 
differences (LSD; p<.05, two-tailed) were computed for the significant 
effects in the analysis of variance. The LSD tests revealed that the 
multiple-unit averages displayed two prominent post-CS* excitatory 
bursts, occurring approximately 70-120 ms and 140-260 ms after tone 
onset, in the four acquisition stages (FE, FS, CR, and OT). In 
addition, the neuronal discharges to the CS+ increased significantly 
during training, while those to the CS- decreased. The discharges to 
both of the conditioned stimuli were significantly attenuated in 
overtraining.
Significant discrimination between the two conditioned stimuli, 
that is, greater neuronal discharges to the CS-f than to the CS-, was
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present in pretraining (180, 200, and 380 ms after CS onset), the first 
conditioning session (80, 90, 140, 180, 330, 350, and 400 ms after CS 
onset), the session of first significant behavioral discrimination (70- 
100,120,140,160,220,230,250,300,320,350,370,380, and 340 ms after 
CS onset), the session of asymptotic behavioral performance (60-90, 
150-190,210,220, 240-260, 280,320, and 340 ms after CS onset), and the 
third session of overtraining (80-100, 120, 190, 210, and 260 ms after 
CS onset).
Figure 6 represents the "peak" neuronal responses (responses 
averaged over the 400 ms post-CS onset period) to both conditioned 
stimuli for the five behavioral training stages.
Integrated-unit activity. The integrated-unit activity averages 
are shown in Figure 7. Analysis of the IUA data revealed a 
significant main effect for the factor of stage [F(4, 28) * 6.6212, 
p<.0007], and significant interaction effects for the factors of stage 
and conditioned stimulus (F(4, 28) * 3.1976, pc.03], stage and post- 
CS interval [F(156, 1092) * 3.5369, pc.0001], and stage, conditioned 
stimulus, and post-CS interval |fX156, 1092) * 2.4168, pc.0001]. The 
LSD tests revealed that the neuronal excitation to the CS+ increased 
during acquisition training, while that to the CS- decreased. The 
neuronal discharges to both conditioned stimuli were significantly 
attenuated in overtraining.
Greater neuronal discharges to the CS- relative to the CS+ in 
pretraining produced significant discrimination (130-180 and 220-350 
ms after CS onset). However, this effect reversed in the first
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conditioning session, again resulting in significant discrimination 
(110-270 and 320-400 ms after CS onset). Significant discrimination 
persisted through the session of first significant behavioral 
discrimination (70-400 ms after CS onset), asymptotic behavioral 
performance (70-400 ms after CS onset), and the third session of 
overtraining (90-350 and 400 ms after CS onset).
Figure 8 represents the "peak” neuronal responses (responses 
averaged over the 400 ms post-CS onset period) to both conditioned 
stimuli for the five behavioral training stages.
Electroencephalogram activity. The electroencephalogram 
activity averages are shown in Figure 9. Analysis of the EEG data 
revealed only a marginally significant interaction effect for the 
factors of stage and conditioned stimulus [F(4,28) = 2.6471, p<.06].
Discussion
The results of this study reveal that the neuronal populations 
within the amygdaloid basolateral nucleus exhibit associative 
(discriminative) neuronal discharges during the conditioning of 
discriminative avoidance behavior in rabbits. Both the multiple-unit 
and the integrated-unit activity manifested significant short-latency 
(60*90 ms) discriminative neuronal discharges in the first session of 
conditioning, the session of the first significant behavioral 
discrimination, the criterial session, and the overtraining session. 
The discriminative activity was maximal in the criterial stage of 
training. Furthermore, the neuronal response to both conditioned 
stimuli was significantly attenuated in the overtraining session, 
however, the discriminative response persisted. Thus, the present 
findings suggest that the basolateral nucleus is a candidate substrate 
for the learning and expression of the conditioned discriminative 
avoidance behavior. In the following, I shall consider the functional 
implications of the associative neuronal activity expressed in the 
basolateral nucleus during conditioning. But first, I shall compare 
the response profiles of the basolateral nucleus, anterior cingulate 
cortex, and mediodorsal thalamic nucleus.
The Amygdaloid Basolateral Nucleus in Relation to the Anterior 
Cingulate Cortex and the Mediodorsal Thalamic Nucleus
As I reported in the Introduction, two limbic thalamocortical 
circuits, the anterior cingulate cortical/mediodorsal thalamic system
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and the posterior cingulate cortical/anteroventral thalamic system, 
are thought to be critically involved in the mediation of discriminative 
avoidance conditioning in rabbits. It has been postulated that these 
thalamocortical circuits preferentially mediate conditioning at 
different stages of behavioral learning. That is, the anterior 
cingulate cortical/mediodorsal thalamic system seems to mediate 
learning processes relatively early in conditioning (during behavioral 
acquisition), whereas the posterior cingulate cortical/anteroventral 
thalamic system appears to be involved at a later stage of training, 
after the avoidance response is well-learned. Two factors figure 
importantly in the formulation of this proposal. First, the expression 
of discriminative neuronal activity in the two thalamocortical 
systems occurs in different stages of training. Discriminative 
activity in the anterior cingulate cortex and mediodorsal thalamic 
nucleus develops at briefer latencies and earlier in the course of 
training than in the posterior cingulate cortex and the anteroventral 
thalamic nucleus (Gabriel & Orona, 1982). Specifically, 
discriminative neuronal discharges in the anterior cingulate cortex 
appear in the first conditioning session, whereas discrimination is 
not evident in the posterior cingulate cortex until the stage of the first 
significant behavioral discrimination. Furthermore, discriminative 
activity in the mediodorsal thalamic nucleus develops in the stage of 
the first significant behavioral discrimination, but is not manifested 
in the anteroventral thalamic nucleus until the criteria! stage. 
Second, the limbic thalamocortical systems differ with regard to the
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behavioral stage in which the greatest or "peak" discriminative 
response occurs. Both the anterior cingulate cortex and mediodorsal 
thalamic nucleus exhibit peak discrimination in the criterial stage, 
whereas the posterior cingulate cortex and anteroventral thalamic 
nucleus do not exhibit peak discrimination until the stage of 
overtraining. Like the anterior cingulate cortex and the mediodorsal 
thalamic nucleus, the amygdaloid basolateral nucleus exhibits 
discriminative neuronal discharges early in training (the first 
session of conditioning) and the discrimination peaks in the criterial 
behavioral stage. Therefore, as is the case with the anterior 
cingulate cortex and mediodorsal thalamic nucleus, the basolateral 
nucleus (which is reciprocally interconnected with the anterior 
cingulate cortex and mediodorsal thalamic nucleus) appears to be 
importantly involved in associative information processing during 
discriminative avoidance conditioning at a relatively early stage of 
behavioral learning. This result not only has important functional 
implications for the neuronal activity in the basolateral nucleus, but 
also reiterates the role of the anterior cingulate cortex and 
mediodorsal thalamic nucleus in the mediation of early learning.
As a component of the "early learning" circuit, it is interesting to 
note that the overall response profile of the basolateral nucleus differs 
from that of both the anterior cingulate cortex and the mediodorsal 
thalamic nucleus (compare Figures 7, 10 & 11). In fact, the 
electrophysiological profile of the basolateral nucleus suggests that it 
is the "early bird" of the early learning circuit. That is, although
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Loth the basolateral nucleus and the anterior cingulate cortex exhibit 
significant discriminative neuronal discharges in the first session of 
conditioning, the discriminative response of the basolateral nucleus 
in this session is significantly more robust them that expressed in the 
anterior cingulate cortex. Moreover, the neuronal response to both 
conditioned stimuli in the basolateral nucleus is significantly 
attenuated in the stage of overtraining. Therefore, the basolateral 
nucleus is, in fact, responsive much earlier than the anterior 
cingulate cortex or the mediodorsal thalamic nucleus to the 
associative contingency during discrim inative avoidance 
conditioning.
Yet another distinction between the basolateral nucleus, anterior 
cingulate cortex, and mediodorsal thalamic nucleus is the latency at 
which the discriminative activity develops in these structures. The 
basolateral nucleus exhibits discriminative activity at a latency of 
approximately 60-90 ms, which is comparable to the latency of 
discrimination observed in the anterior cingulate cortex (70-80 ms), 
and slightly longer than that found in the mediodorsal thalamic 
nucleus (30-40 ms) (Gabriel & Orona, 1982; Gabriel, Sparenborg, & 
Kubota, in press; Kubota et al., 1988). Shorter latencies of 
discrimination have been observed in the brain stem reticular 
formation (10-40 ms) and the thalamic medial geniculate body (15-35 
ms) (Gabriel, Gregg, Clancy, Kittrell, & Daily, 1986). Thus, during 
conditioning there seems to be a progreosion of the discriminative 
"code for stimulus significance" from the brainstem to limbic
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structures. Within the anterior cingulate cortical/mediodorsal 
thalamic circuit, it would appear that the mediodorsal thalamic 
nucleus relays this significance code to the anterior cingulate cortex 
and the basolateral nucleus, although the code could potentially be 
transmitted from several other neural structures. However, 
discrimination in the mediodorsal thalamic nucleus clearly predates 
that in the anterior cingulate cortex and the basolateral nucleus. 
Therefore, the mediodorsal thalamic nucleus may be critically 
involved in the modulation of associative processes in the anterior 
cingulate cortex and the amygdaloid basolateral nucleus.
The early associative response of the basolateral nucleus has 
several functional implications. First, the basolateral nucleus may 
act as an active interface between limbic memory structures (e.g., the 
anterior cingulate cortex and the mediodorsal thalamic nucleus) and 
autonomic/affective centers (e.g., the amygdaloid central nucleus 
and the hypothalamus). And, second, the basolateral nucleus may 
have functional properties analogous to those of the hippocampus, for 
example, context evaluation and novelty detection. In the following 
sections these possibilities will be examined. At this point it should 
be noted that the functional domains introduced above are by no 
means mutually exclusive. That is, affect, autonomic processes, and 
novel experiences are all closely related. The goal of the following 
sections is to determine to what degree the basolateral nucleus is or 
is not involved in these mechanisms.
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The Amygdaloid Basolateral Nucleus as an Active Interface 
Between Limbic Memory Structures axd Autonomic I Affective 
Centers
The notion that the amygdaloid complex acts as an interface 
between limbic structures involved in learning processes and 
autonomic centers is not novel. Mishkin and Aggleton (1981) have 
proposed that sensory information from cortical sensory association 
areas activates amygdalo-hypothalamic efferents, thereby providing 
a means for complex stimuli to evoke emotions either reflexively or 
through conditioning. Furthermore, Mishkin and Aggleton (1981) 
have proposed that the amygdaloid complex is involved in routing 
emotionally significant information from the hypothalamus to 
thalamic and/or cortical structures for further processing, i.e., 
"elective attention. However, I would argue, given the functional and 
anatomical heterogeneity of the amygdaloid complex, and the results 
of the present study, that one component of the amygdaloid complex, 
the basolateral nucleus, is the critical structure mediating 
information flow between limbic structures (e.g., the anterior 
cingulate cortex and the mediodorsal thalamic nucleus), sensory 
association cortex (e.g., the inferior temporal cortex), and autonomic 
structures (e.g., the amygdaloid central nucleus and the 
hypothalamus). Sarter and Markowitsch (1986) have argued 
similarly that the amygdaloid basolateral nucleus is involved in the 
coding and retrieval of emotionally significant information.
Support for the notion that the basolateral nucleus is the critical
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amygdaloid structure gating information between limbic circuits and 
autonomic structures comes from the growing body of evidence 
implicating the amygdaloid central nucleus in the modulation of 
autonomic processes, specifically, heart rate, during Pavlovian fear 
conditioning in rabbits (Applegate, Frysinger, Kapp, k  Gallagher, 
1982; Gentile, Jarrell, Teich, McCabe, & Schneiderman, 1986; Kapp, 
Frysinger, Gallagher, & Haselton, 1979; Pascoe & Kapp, 1985a, 
1986b). Both single- and multiple-unit recordings exhibit 
discriminative neuronal discharges in the amygdaloid central 
nucleus during differential Pavlovian heart rate conditioning in the 
rabbit (Applegate et al., 1982; Pascoe k  Kapp, 1966b). Furthermore, 
lesions of the central nucleus severely attenuate the conditioned 
heart rate response (bradycardia) (Gentile et al., 1986; Kapp et al., 
1979). Therefore, the central nucleus appears to be critically involved 
in the mediation of associative autonomic responses during 
Pavlovian heart rate conditioning. This finding is of considerable 
interest as the central nucleus is the only amygdaloid nucleus with 
which the basolateral nucleus is connected. Thus, neuronal activity 
in the anterior cingulate cortex, mediodorsal thalamic nucleus, and 
the basolateral nucleus could potentially influence autonomic 
processes mediated by the central nucleus. Furthermore, the 
basolateral nucleus has direct connections with lateral hypothalamic 
areas, and, thus, is disposed to influence autonomic and affective 
processes mediated by the hypothalamus. Indeed, anterior cingulate 
cortical and mediodorsal thalamic lesions impair differential
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Pavlovian conditioning of heart rate in the rabbit (Buchanan, 1988; 
Buchanan & Powell, 1982). Given the anatomical relationship of the 
basolateral nucleus and the central nucleus, and the results of the 
present study, it is plausible that the basolateral nucleus is involved 
in learning-related processes such as, associative autonomic 
modulation. Summarizing, the basolateral nucleus may serve as an 
important interface between limbic memory structures and 
autonomic centers, and, in fact, may be involved in the modulation of 
autonomic processes during conditioning.
The Amygdaloid Basolateral Nucleus as a Functional Analog o f The 
Hippocampal Formation
Given the anatomy of limbic circuitry (see Figure 1), it is not 
unreasonable to spec ulate that the basolateral nucleus is functionally 
related to the anterior cingulate cortex and the mediodorsal thalamic 
nucleus in much the same way that the hippocampal formation is 
related to the posterior cingulate cortex and the anteroventral 
thalamic nucleus, like the hippocampal formation, the basolateral 
nucleus is a center for convergence of sensory information from all 
modalities (except the olfactory system). Therefore, the basolateral 
nucleus is a candidate for providing highly processed sensory 
information to the anterior cingulate cortex and the mediodorsal 
thalamic nucleus. If this were the case, the basolateral nucleus 
might be involved in functions such as, context matching and cue- 
reinforcement relationships, processes which have been attributed to 
the hippocampal formation (Gabriel et al., 1988). Indeed, several
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studies have implicated the amygdaloid complex in generating 
unconditioned reactions to novel stimuli (Aggleton A Mishkin, 1986; 
Bagshaw & Benzies, 1968; Bagshaw & Coppock, 1968; Goddard, 1964; 
Rolls & Rolls, 1973; Wilson A Rolls, 1987), and in mediating 
stimulus/reward learning (Aggleton A Mishkin, 1981). Thus, it 
would appear that the amygdaloid complex is involved in processes 
such as, context evaluation and cue-reinforcement relationships. 
Could the basolateral nucleus be the critical amygdaloid structure 
mediating these processes? The results of the present study are not 
inconsistent with this possibility. The responsiveness of the 
basolateral nucleus early in the conditioning of discriminative 
avoidance behavior may reflect processes of context evaluation and 
novelty detection, as well as processes associated with autonomic 
modulation. Context learning and evaluation , as well as the 
selection and initiation of autonomic responses, are, presumably, key 
processes during the early stages of conditioning. Thus, given the 
response profile of the basolateral nucleus, it seems likely that the 
nucleus is involved in the mediation o f these processes.
As I staled earlier, it seems that autonomic processes, affective 
states, and contextual evaluation are indissolubly linked. The 
evidence suggests that the basolateral nucleus is especially well 
situated to integrate these processes and influence affective, 
autonomic, and mnemonic systems. In this sense, the basolateral 
nucleus may contain affective or internal (autonom ic) 
representations of the environment, somewhat analogous to the
cognitive or spatial maps expressed in the hippocampal formation. 
In any case, the basolateral nucleus is clearly a pivotal structure in 
many neural mechanisms.
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Figure Captions
Figure 1. Two essential limbic memory circuits.
Figure 2. A model of limbic circuit interactions.
Figure 3. A schematic representation of limbic memory structures 
in the monkey brain.
Figure 4. Schematic illustrations of the amygdala of the rat (R), cat 
(C), and rhesus monkey (M) in coronal sections. For each of the 
three species, the amygdala is shown at an anterior [1], middle [2], 
and posterior [3] level. In principle, the nomenclature of the 
amygdala's nuclei follow the suggestions made by Price, [1981]. 
More detailed ways of subdividing some individual nuclei 
[magnocellular part and parvocellular part] have been omitted. Note 
that the drawings for the three species have not been made in the 
same scale. AAA = anterior amygdaloid area; AHA = amygdalo- 
hippocampal area; B = basal nucleus of the amygdala; Ba = basal 
accessory nucleus of the amygdala; BAOT * bed nucleus of the 
accessory olfactory tract; Bla = antsrior division of the basolateral 
nucleus of the amygdala; Blp ■ posterior division of the basolateral 
nucleus of the amygdala; Bm * basomedial nucleus of the amygdala; 
Cd = caudate nucleus; Ce = central nucleus of the amygdala; Cel = 
lateral division of the central nucleus of the amygdala; Cem = medial 
division of the central nucleus of the amygdala; Cl * claustrum; Co » 
cortical nucleus of the amygdala; Coa ■ anterior division of the 
cortical nucleus of the amygdala; Cop «  posterior division of the
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cortical nucleus of the amygdala; Ea ■ entorhinal cortex, anterior 
part; En = endopiriform nucleus; End = dorsal division of the 
endopiriform nucleus; Env ■ ventral division of the endopiriform 
nucleus; H = hippocampal formation; I ■ intercalated masses; L = 
lateral nucleus of the amygdala; M ■ medial nucleus of the 
amygdala; P = putamen; Pa ■ periamygdaloid cortex; Pe ■ perirhinal 
cortex; Pif ■ piriform cortex, frontal part; Pit * piriform cortex, 
temporal part; Pr = prorhinal cortex; Prp ■ prepiriform cortex; TO « 
temporal polar cortex; Tr * transition area.) Note. From Sarter and 
Markowitsch (1985).
Figure 5. Each panel represents the average multiple-unit response 
in the basolateral nucleus (posterior division) to the CS+ (black bars) 
and the CS- (white bars), plotted for 40 consecutive 10 ms intervals 
following conditioned stimulus (CS) onset. (The ordinate values are 
in standard deviations [x-score units], reflecting response 
magnitude relative to the baseline [pre-CS] period. The values on the 
abscissa represent elapsed 10 ms intervals following CS onset. Each 
panel represents the data for one behavioral stage of training. The 
behavioral training stages are: pretraining [PRETRAINING], first 
session of conditioning [FIRST EXPOSURE], first significant 
behavioral discrimination [FIRST SIGNIFICANT], criterial session 
[CRITERION], and the third session o f overtraining 
[OVERTRAINING].)
Figure 6. Graph of the multiple-unit neuronal response in the 
amygdaloid basolateral nucleus (posterior division) to the CS+ and
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CS- for the five behavioral training stages averaged over the 400 ms 
period following conditioned stimulus (CS) onset. (The ordinate 
values are in standard deviations [z-score units], reflecting response 
magnitude relative to the baseline [pre-CS] period. The abscissa 
represents the five behavioral training stages: pretraining [PTS], 
first session of conditioning [FE], first significant behavioral 
discrimination [FS], criterial session [CR], third session of 
overtraining [OT].)
Figure 7. Each panel represents the average integrated-unit 
response in the basolateral nucleus (posterior division) to the CS+ 
(black bars) and the CS- (white bars), plotted for 40 consecutive 10 ms 
intervals following conditioned stimulus (CS) onset. (The ordinate 
values are in standard deviations [z-score units], reflecting response 
magnitude relative to the baseline [pre-CS] period. The values on the 
abscissa represent elapsed 10 ms intervals following CS onset. Each 
panel represents the data for one behavioral stage of training. The 
behavioral training stages are: pretraining [PRETRAINING], first 
session of conditioning [FIRST EXPOSURE], first significant 
behavioral discrimination [FIRST SIGNIFICANT], criterial session 
[CRITERION], and the third session o f overtraining 
[OVERTRAINING].)
Figure 8. Graph of the integrated-unit neuronal response in the 
amygdaloid basolateral nucleus (posterior division) to the CS+ and 
CS- for the five behavioral training stages averaged over the 400 ms 
period following conditioned stimulus (CS) onset. (The ordinate
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values are in standard deviations [z-score units], reflecting response 
magnitude relative to the baseline [pre-CS] period. The abscissa 
represents the five behavioral training stages: pretraining [PTS], 
first session of conditioning [FE], first significant behavioral 
discrimination [FS], criterial session [CR], third session of 
overtraining [OT].)
Figure 9. Each panel represents the average electroencephalogram 
activity in the basolateral nucleus (posterior division) evoked by the 
CS+ (solid lines) and the CS- (broken lines), plotted for 40 consecutive 
10 ms intervals following conditioned stimulus (CS) onset. (The 
ordinate values are in standard deviations [z-score units], reflecting 
response magnitude relative to the baseline [pre-CS] period. The 
values on the abscissa represent elapsed 10 ms intervals following CS 
onset. Each panel represents the data for one behavioral stage of 
training. The behavioral training stages are: pretraining 
[PRETRAINING], first session of conditioning [FIRST EXPOSURE], 
first significant behavioral discrimination [FIRST SIGNIFICANT], 
criterial session [CRITERION], and the third session of overtraining 
[OVERTRAINING].)
Figure 10. Each panel represents the average integrated-unit 
response in the anterior cingulate cortex (Brodmann's Area 24a) to 
the CS+ (black bars) and the CS- (white bars), plotted for 40 
consecutive 10 ms intervals following conditioned stimulus (CS) 
onset. (The ordinate values are in standard deviations [z-score 
units], reflecting response magnitude relative to the baseline [pre-CS]
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period. The values on the abscissa represent elapsed 10 ms intervals 
following CS onset. Each panel represents the data for one 
behavioral stage of training. The behavioral training stages are: 
pretraining [PRETBAINING], the first session of conditioning 
[FIRST EXPOSURE], the first significant behavioral discrimination 
[FIRST SIGNIFICANT], the criterial session [CRITERION].) Note. 
From Gabriel, Sparenborg, & Kubota (in press).
Figure 11. Each panel represents the average integrated-unit 
response in the mediodorsal thalamic nucleus to the CS+ (black bars) 
and the CS- (white bars), plotted for 40 consecutive 10 ms intervals 
following conditioned stimulus (CS) onset. (The ordinate values are 
in standard deviations [z-score units], reflecting response 
magnitude relative to the baseline [pre-CS] period. The values on the 
abscissa represent elapsed 10 ms intervals following CS onset. Each 
panel represents the data for one behavioral stage of training. The 
behavioral training stages are: pretraining [PRETRAINING], the 
first session of conditioning [FIRST EXPOSURE], the first significant 
behavioral discrimination [FIRST SIGNIFICANT], and the criterial 
session [CRITERION].) Note. From Kubota et al. (1988).
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